The eastern Pontides orogenic belt provides a window into continental arc magmatism in the AlpineeHimalayan belt. The late MesozoiceCenozoic geodynamic evolution of this belt remains controversial. Here we focus on the nature of the transition from the adakitic to non-adakitic magmatism in the Kale area of Gumushane region in NE Turkey where this transition is best preserved. The adakitic lithologies comprise porphyries and hyaloclastites. The porphyries are represented by biotite-rich andesites, hornblende-rich andesite and dacite. The hayaloclastites represent the final stage of adakitic activity and they were generated by eruption/intrusion of adakitic andesitic magma into soft carbonate mud. The non-adakitic lithologies include basaltic-andesitic volcanic and associated pyroclastic rocks. Both rock groups are cutting by basaltic dikes representing the final stage of the Cenozoic magmatism in the study area. We report zircon U-Pb ages of 48.71 AE 0.74 Ma for the adakitic rocks, and 44.68 AE 0.84 Ma for the non-adakitic type, suggesting that there is no significant time gap during the transition from adakitic to non-adakitic magmatism. We evaluate the origin, magma processes and tectonic setting of the magmatism in the southern part of the eastern Pontides orogenic belt. Our results have important bearing on the late MesozoiceCenozoic geodynamic evolution of the eastern Mediterranean region.
Introduction
Continental arcs are potential sites of magmatism and tectonism in convergent margins (e.g., Casquet et al., 2012; Condie and Kröner, 2012) . The eastern Pontides orogenic belt provides one of the wellpreserved examples of continental arcs in the AlpineeHimalayan belt. However, its late MesozoiceCenozoic geodynamic evolution remains controversial due to lack of systematic geological, geochemical and geochronological data. Several workers suggested that this belt was shaped by the northward subduction of an oceanic lithosphere (Paleotethys or Neotethys) in the late Mesozoic and following the collision between Pontide and Tauride blocks in the south of the arc during Paleocene (e.g., Adamia et al., 1977; Ş engör and Yılmaz, 1981; Ustaömer and Robertson, 1996; Okay and Sahintürk, 1997; Arslan and Aslan, 2006; Dilek et al., 2010; Topuz et al., 2011) . In contrast, Dewey et al. (1973) , Bektaş et al. (1999) , Eyuboglu (2010) and Eyuboglu et al. (2011a,b,c,d,e) proposed a southward subduction model for the late MesozoiceCenozoic geodynamic evolution of the region, based on paleomagnetic, tectonic and magmatic records. According to this model, the Black Sea and Caspian Sea are the remnants of an ancient ocean (Paleotethys).
The late Mesozoiceearly Cenozoic magmatism is represented by five main cycles: shoshonitic (early Campanian), ultrapotassic (Maastrichtianeearly Paleocene?), adakitic (late Paleoceneeearly Eocene), non-adakitic basaltic-andesitic magmatism (early to middle Eocene) and non-adakitic granitic intrusions (Eocene) in the southern part of the eastern Pontides orogenic belt (Eyuboglu, 2010; Eyuboglu et al., 2011a,b,c,d,e) . In a previous study, we proposed that the transition from shoshonitic to ultrapotassic magmatism is related to steepening of the southward subducting Tethys oceanic lithosphere during the Maastrichtianeearly Paleocene (Eyuboglu et al., 2011a) . The ultrapotassic magmatism was followed by intense adakitic activity (Cyle 3). However, debate continues regarding the origin of the adakitic magmatism and its geodynamic setting. According to some authors Karsli et al., 2010; Topuz et al., 2011) , the eastern Pontides late Paleoceneeearly Eocene adakitic rocks formed by partial melting of thickened or delaminated lower continental crust after the collision between Pontides and Taurides to the south of the eastern Pontides magmatic arc during Paleocene. In a different model, Eyuboglu et al. (2011a,b,c,d,e) suggested that the adakitic rocks were generated by slab window-related processes during the ridge subduction in a south-dipping subduction zone. The fourth cycle of the magmatism includes non-adakitic basaltic-andesitic volcanic and associated pyroclastic rocks of middle Eocene.
In this study, we focus on the nature of the transition from the adakitic (Cycle 3) to non-adakitic magmatism (Cycle 4) in the Kale area (Gumushane, NE Turkey), which is one of the classic localities to evaluate this transition. In addition, we present new field data, zircon U-Pb geochronology and whole rock geochemistry in order to understand the origin and tectonic setting of the adakitic and non-adakitic early Cenozoic magmatism in the southern part of the eastern Pontides orogenic belt. We also discuss the late MesozoiceCenozoic geodynamic evolution of the eastern Mediterranean region in the light of the new data.
Geological background
The eastern Pontides orogenic belt geographically corresponds to the eastern Black Sea region of Turkey and occurs within the Alpine metallogenic belt. The belt is approximately 500 km long and 200 km wide and has been divided into Northern, Southern and Axial subzones (Bektaş et al., 1995; Eyuboglu et al., 2006) . Each of these zones is separated by EeW-, NEeSW-and NWeSE-trending faults, thus attributing a block-faulted structural architecture for the entire belt (Bektaş and Çapkıno glu, 1997; Eyuboglu et al., 2006 Eyuboglu et al., , 2007 . The Northern Zone is dominantly composed of MesozoiceCenozoic volcanic rocks, associated with massive-sulfide deposits and calderas, together with granitic intrusions (Fig. 1) . The Southern Zone is generally represented by Mesozoic and Eocene sedimentary rocks, adakitic and shoshonitic magmatic rocks, preLiassic ultramafic-mafic cumulates, and metamorphic-granitic rocks belonging to the Hercynian basement (Pulur, A gvanis and Tokat metamorphic massifs, Kurto glu and Karada g metamorphic units, Köse and Gümüshane granitoids). Upper mantle peridotites (?) and a middle to upper Cretaceous olistostromal mélange occur extensively farther south in the Axial Zone.
The Gumushane area is located in the southern zone of the eastern Pontides orogenic belt (Fig. 1) . The pre-Jurassic basement here is represented by the Kurto glu metamorphics and unmetamorphosed Gümüş hane and Köse Granitoids. The Kurto glu metamorphics extend as a narrow ribbon along the southern border of the late Carboniferous Gümüş hane pluton and comprise mainly mica schists, gneisses and phyllites, cut by metagranitic dikes (Fig. 2) . Similar lithologies, albeit on a small scale, also appear around the Melike valley and the Beyçam village at the northeast extension of the main body (Fig. 2) . The minimum age for the metamorphic event in this unit is Carboniferous, dated as 320.3 AE 1.7 Ma (Topuz et al., 2007) . This metamorphic unit is intruded by the late Carboniferous Gümüş hane and Köse granitoids including various rock types such as granite, granodiorite, quartz diorite, rhyolite, and dacite (Topuz et al., 2010; Dokuz, 2011) . These plutons are extensively cut by basic dikes of unknown age but are texturally similar to early-mid-Jurassic magmatic units in the region. The pre-Jurassic basement rocks are transgressively overlained by early and middle Jurassic Zimonköy Formation (Figs. 2 and 3) , which is widely distributed in the eastern Pontides, from Amasya in the west to Artvin in the east. The detailed field studies on this formation showed that there were two main rifting phases during Jurassic (Eyuboglu et al., 2006) . The first phase is characterized by asymmetrical half grabens and accumulation of volcanics and associated coarse clastics. However, during and subsequent to the first rifting, the rift-related basins experienced short-term thermal subsidence resulting in the deposition of pelagic limestones of Ammonitico-Rosso. The second rifting of the Jurassic began with second sequence of alternating volcanics and epiclastics (Eyuboglu et al., 2006) . This rift-related sequence is overlain by the late Jurassic to early Cretaceous carbonates (Berdiga Formation) during long-lived thermal subsidence in the entire eastern Pontides (Fig. 3) . The late Cretaceous is characterized by a thick sedimentary sequence in the Gumushane area. This unit known as the Kermutdere Formation starts with yellowish sandy limestones on the carbonate platform and grades upward into red pelagic limestones and continues with sandstone, siltstone, claystone, marl and limestone alternation, with locally interbedded tuff. However, in the southeastern part of the study area (Fig. 3) , poorly sorted monogenic conglomerate occurs extensively, composed of late Jurassiceearly Cretaceous limestone fragments, constituting the lower part of the Kermutdere Formation. This conglomerate might have been derived from the uplifted limestone ridges related to block-faulting tectonics and/or sea-level changes before the deposition of the Kermutdere Formation. On the other hand, the late Cretaceous is represented by bimodal volcanic rocks and arc-related I-type granitic intrusions about 35 km northwest of the study area (Kaygusuz et al., 2008) . These autochthonous Paleozoic and Mesozoic units are intruded by porphyry andesites and dacites (Figs. 3 and 4A , B, D), which are among the main topics in this study. The whole sequence is unconformably overlain by the early Cenozoic Alibaba Formation including basal conglomerate (Fig. 4C) , nummulite-bearing limestone, and a thick volcanic sequence consisting mainly of basaltandesite and associated pyroclastic rocks and intruded by the late Eocene granitic intrusions (Arslan and Aliyazıcıo glu, 2001; Arslan and Aslan, 2006; Eyuboglu et al., 2011a) . All of these units are cut by basic dikes representing the final stage of the Cenozoic magmatism ( Fig. 4E and F) .
Field geology and petrography
In the Kale area (Gumushane), the Cenozoic magmatic rocks can be divided into two main groups as adakitic and non-adakitic. 
Adakitic rocks
The adakitic intrusions exposed in the Kale (Gumushane) area are hosted by pre-middle Eocene autochthonous units such as the early to mid-Jurassic Zimonköy Formation, the late Jurassic to early Cretaceous Berdiga Formation and the late Cretaceous Kermutdere Formation. The distribution of mappable bodies, which are wellexposed along about NWeSE-trending line, is concordant with the regional structural grain of the eastern Pontides (Figs. 1 and 3) . Their size ranges from less than 0.1e2 km 2 , and the outcrop patterns vary from round or elliptical to markedly elongate. In addition to these intrusive bodies, a hyaloclastite breccia horizon, which includes angular fragments of the hornblende-rich adakitic andesites, rests upon or occurs within the basement units of Eocene sequence and also upon the late Cretaceous Kermutdere Formation in the some locations (Fig. 3) . All the adakitic units and their host rocks are unconformably overlain by volcanic assemblages of the early Cenozoic Alibaba Formation (Fig. 4) . The adakitic rocks exposed in the Gumushane area, based on field and petrographic characteristics, can be divided into four subgroups: (i) biotite-rich porphyritic quartz andesite (Kiziltepe andesite); (ii) hornblende-rich porphyritic andesite (Karakisetepe andesite); (iii) dacite (Kırcaova dacite); and (iv) andesitic hyaloclastite breccia.
3.1.1. Biotite-rich porphyritic quartz andesite (Kizil Tepe andesite)
The main outcrops of the biotite-rich porphyritic quartz andesite, which was first recognized by Eren (1983) as 'Harmancıktepe dacite', occur as small, elipsoidal bodies around Harmancık Hill, Kızıl Hill and an unnamed hill located at the central part of the map area (Figs. 3 and 4A, B) . In addition, very small bodies of this group are exposed around Murathanoglu village and Kecikale Hill and immediately west of the Kaleboynu Hill (Fig. 3) . All of these bodies show sharp contact with their host rocks. The rock is characterized by abundant euhedral to subhedral biotite crystals in hand specimen (Fig. 4B) . Fresh surfaces are light to medium gray in color (Fig. 4B) . On weathered surfaces, the rock is characteristically whitish gray, brownish or buff colored. In thin section, the rock is a porphyritic andesite, slightly clay-rich, oxidized and contains domains consisting of partly recrystallized aggregates of spherulite. The phenocrysts/glomerocrysts are predominantly zoned plagioclase, hornblende, biotite and a few subrounded and broken fragments of quartz. The biotite phenocrysts are deformed and partly replaced by chlorite and clays along the cleavage traces. Some are intergrown with altered amphibole. The groundmass consists of amorphous clays, some poorly defined feldspars (altered to clays), magnetite, locally minor recrystallized spherulites, and chloritized, and few partly deformed phenocrysts of biotite. Zircon, hematite/goethite and apatite occur as accessory phases in these biotite-rich porphyritic quartz andesites.
Hornblende-rich porphyritic andesite (Karakise Tepe andesite)
This adakitic rock in the Kale area is well-exposed around Karakise Hill and occupies ca. 0.5 km 2 at the northwestern part of the study area (Figs. 3 and 4C) . In this location, the intrusive cuts sedimentary rocks of late Cretaceous Kermutdere Formation and is covered by nummulite-bearing limestones. The rock is generally massive and well jointed, and characterized by abundant slender amphibole crystals visible in the hand specimen. It is whitish gray to dark gray depending on the ratio of amphibole phenocrysts and the degree of alteration of the plagioclases. In thin section, the rock is porphyritic hornblende andesite. Medium-grained oxyhornblende occurs as subhedral/euhedral phenocrysts, whereas the phenocrysts of plagioclase are altered and partly recrystallized. The groundmass consists predominantly of small, sub to anhedral laths of plagioclase and interstitial, poorly defined K-feldspars. Fine-grained magnetite is disseminated through the groundmass, and also occurs as a minor replacement product after hornblende. The rock is extensively oxidized and the hornblende phenocrysts are rimmed by a dark oxidized rim. Most amphibole phenocrysts are zoned, and some are completely altered to amorphous Fehydroxide. The feldspars are partly recrystallized, and contain minute inclusions of Fe-hydroxide. Fine-grained carbonate represents minor alteration in the rock, occurring interstitial and partly replacing some of the plagioclase. Zircon and apatite occur as accessory phases in the rock.
Andesitic hyaloclastite breccia
This unit is well-exposed at the base of the early Cenozoic Alibaba Formation and reaches a thickness of 50 m in some places (Figs. 3 and 4CeF) . Angular and hornblende-rich andesite clasts occur within a fine-grained, dark red colored, sedimentary and fossiliferous matrix (Fig. 4E) . The size of andesite clasts varies from a few mm to 50 cm. In thin section, the clasts consist predominantly of zoned plagioclase phenocrysts and glomerocrysts, zoned and unzoned hornblende phenocrysts and glomerocrysts, and finegrained groundmass consisting of mottled, clay-altered and clear, unaltered feldspars, lesser, fine-grained amphibole and magnetite. Relatively coarse-grained and zoned subhedral/euhedral plagioclase occurs as phenocrysts. Most grains show a mottled reaction rim, suggesting compositional variation between the core and rim. Single twinning is common, but much of the polysynthetic twinning has been destroyed. The groundmass feldspars show single twinning and are mostly tablet-shaped, zoned equant grains. Fineto medium-grained hornblende occurs as subhedral/euhedral phenocrysts, as relatively fine-grained aggregates and as small grains within the groundmass. They are pleochroic, variably zoned grains, and most are rimmed by mottled, microcrystalline Fehydroxide. The dark center and lighter rim in some of the phenocrysts suggest compositional zoning. The clear, equant, tabletshaped feldspars in the matrix possess single twinning and some feldspars are lath-shaped. They are too fine-grained for optical identification. The shape and single twinning would be consistent with K-feldspar, although the zoning suggests plagioclase. Finegrained magnetite is disseminated throughout the groundmass.
Kırcaova dacite
This body occupies about 0.8 km 2 at the southeastern part of the map area ( Fig. 3) and is easily distinguished from other adakitic bodies by its yellowish gray and beige colors in the field, and by the quartz phenocrysts in the hand specimen. In thin section, the rock is a porphyritic dacite and consists of coarse to relatively fine-grained phenocrysts of plagioclase, quartz and lesser, small phenocrysts of amphibole. The groundmass consists of fine-grained subhedral plagioclase, K-feldspars, anhedral carbonate and minor quartz. Plagioclase occurs as single grains and also in aggregates forming clusters (glomerocrysts) with or without quartz. All of the large phenocrysts are cloudy and turbid, with the exception of the center of some grains. The composition e where it was possible to determine, is An 15e25 . A few of the large, turbid phenocrysts have relict zoning. The quartz phenocrysts have resorbed and embayed grain boundaries, and some phenocrysts occur in aggregates with the plagioclase, forming glomerocrysts. Euhedral to subhedral small prisms of amphibole phenocrysts are weakly pleochroic green, and most are partly replaced by carbonate, and rimmed by amorphous, dark Fe-rich clays. The long, prismatic phenocrysts are fractured and some are fragmented. Fine-grained, anhedral magnetite is relatively abundant in the groundmass, and some are partly replaced by hematite.
Non-adakitic magmatism
This volcanic sequence known as Alibaba Formation is wellexposed in the Gumushane area and its vicinity. Similar volcanic rocks in composition and age also appear along an approximately EeW trending zone in the southern part of the eastern Pontides orogenic belt. In the study area (KaleeGumushane), the main lithologies include hornblende-rich volcanic rocks, basalticandesitic pyroclastic rocks, and also basic volcanic rocks representing the final stage of the basic volcanism in the region occurring as dikes that cut across the other lithologies of the Alibaba Formation (Fig. 3) .
Hornblende-rich andesite (Pirahmet andesite)
The coarse-grained hornblende-rich volcanic rocks are widely exposed as small elipsoidal intrusions and/or rarely as dikes cutting the late Cretaceous Kermutdere Formation, late Jurassiceearly Cretaceous Berdiga Formation, the late Carboniferous Gumushane granitoid and the basement units of the early Cenozoic Alibaba Formation (Fig. 3) . The main outcrops occur at the northwestern part of the map area (Fig. 3) . These non-adakitic volcanic rocks in the Kale (Gumushane) area are characterized by abundant euhedral to subhedral hornblende phenocrysts in a greenish gray and finegrained groundmass in hand specimen. In thin section, the rock is a coarse-grained porphyritic hornblende andesite. The rock consists mainly of zoned and partly recrystallized phenocrysts of plagioclase, euhedral to subhedral phenocrysts and glomerocrysts of hornblende, small phenocrysts of biotite, and a relatively abundant magnetite and ilmenite. Anhedral to subhedral plagioclase phenocrysts make up a significant part of the rock and are partly to completely recrystallized to fine-grained aggregates. Some of these are partly replaced by quartz. The hornblende phenocrysts are unzoned, and most are relatively unaltered. Most hornblende crystals are rimmed by amorphous Fe-hydroxide. There is textural evidence to suggest the original presence of biotite, although these have recrystallized to very fine-grained aggregates. The finegrained groundmass is mottled, variably anisotropic, and consists mostly of clay-altered feldspars, and some of the plagioclases are rimmed by fine-grained, Fe-stained secondary biotite.
Basaltic-andesitic pyroclastic rocks
In the Kale area, the pyroclastic members of the early Cenozoic Alibaba Formation are mainly represented by agglomerate, and minor volcanic breccia tuff and tuffite. The agglomerates are the volumetrically dominant lithology in the pyroclastic sequence. They consist of rounded bombs, which are generally larger than 5 cm in diameter, within a medium-grained, strongly altered and grayishbrownish subordinate groundmass. Exfoliation structure and calcite-filled fractures are common. They are generally hornblendepoor. However, hornblende-rich lithologies can be seen at the upper part of the sequence. In thin section, the hornblende-poor bombs consist predominantly of plagioclase and minor clinopyroxene. Plagioclase occurs as large, lath-shaped phenocrysts and as small microlite interstitial to the groundmass. The phenocrysts are pervasively altered and partly recrystallized. Replacement minerals include sericite, carbonate, chlorite and minor epidote. The clinopyroxene occurs as unzoned, subhedral grains interstitial to the plagioclase. Some are partly altered at the grain boundaries to clays. Anhedral grains of magnetite are disseminated through the rock. In the hornblende-rich clasts, the rock consists predominantly of partly or completely-altered plagioclase and slender hornblende. Much of the rock is made up of lath-shaped and needle-shaped plagioclase. The composition cannot be determined, as the twin lamellae were partly destroyed. Fine-to medium-grained hornblende occurs as subhedral/euhedral phenocrysts. They are pleochroic, and most are rimmed by Fe-hydroxide. Fine-grained magnetite is randomly distributed through the groundmass. Zircon and apatite occur as accessory phases in both rock types. The tuffs interbedded with the tuffites are gray to greenish gray in color. On the weathered surfaces, the rock is characteristically yellowish to whitish gray. In thin section, they are andesitic crystal tuff. The tuffites are characterized by the presence of large nummulites reaching 3 cm in length. Layering is well developed in agglomerates and other pyroclastic members of the Alibaba Formation and the layers vary from less than 1 m to several meters in thickness.
Basic dikes
The basic dikes up to 3 m wide intrude the pyroclastic members of the Alibaba Formation (Figs. 3 and 4C) . They are the youngest intrusions in the study area and are of late Eocene or younger in age. Their dominant orientation is northeast-southwest with nearvertical dips. The rock is characterized by abundant plagioclase phenocrysts within a fine-to medium-grained groundmass in hand specimen. The fresh surfaces are medium to dark gray in color. On the weathered surfaces, it is characteristically brownish to whitish gray depending on the degree of alteration of plagioclase phenocrysts. In thin section, the subhedral to euhedral plagioclase makes up a significant part of the rock and occurs as phenocrysts and as glomerocrysts. Some plagioclases are zoned and some have polysynthetic twinning. They are relatively unaltered, with the exception of minor sericite and cross-cutting veinlets that consist of clays. The composition of plagioclase ranges between oligoclase and andesine. The groundmass plagioclase is mostly tablet-shaped and equant grains. Single twinning is common. Fine-grained, unzoned, weakly pleochroic green and anhedral augite is generally interstitial to the plagioclase phenocrysts. The groundmass consists of plagioclase, augite, and opaque grains.
Whole rock geochemistry
In order to interpret the origin and geodynamic setting of the Cenozoic magmatic rocks in the investigated area, major-trace and rare earth element contents of 76 samples were analyzed at the ACME Analytical Laboratories in Canada. The major oxides and Sc were determined using ICP-ES method and trace and rare earth elements were analyzed by ICP-MS method. The sample digestion procedures are similar for both ICP-MS and ICP-ES. 0.2 g of pulverized sample is weighed into a graphite crucible and mixed with 1.5 g of LiBO 2 flux. The mixture is heated in a muffle furnace for 15 min at 1050 C. The molten mixture is removed and quickly poured into 100 mL of 5% HNO 3 . This solution is shaken for 2 h and the aliquot is transferred into a polypropylene test tube. Standards and reagent blanks are added to the sample sequence. At the second stage (sample analysis), sample solutions are aspirated into an ICP mass spectrometer (Perkin-Elmer Elan 6000) or an ICP emission spectrometer (Jarrel Ash Atomcomp Model 975) for determination of element content. The results are presented in Tables 1e4.
Biotite Fig. 5A and B) . In addition, the abundance of biotite, hornblende and plagioclase within these rock groups supports the existence of an adakitic magma. On a total alkali-silica diagram (TAS), the studied adakitic rocks fall into mainly andesite and dacite fields with their moderate to high-SiO 2 contents (Fig. 6A) . They belong to calc-alkaline and high-K calc-alkaline series on a K 2 O versus SiO 2 diagram (Fig. 6B) . However, on a Th-Co diagram (Hastie et al., 2007) , which is particularly useful for altered and intensely weathered volcanic rocks, all the plots fall in the calc-alkaline field (Fig. 6C) . The second type of hornblende-rich andesites (Pirahmet andesite), which is well-exposed in the western part of the map area (Fig. 3) , is geochemically distinguished from the first type of hornblende-rich andesites (Karakise Tepe andesite) with their high FeO t (6.97e7.95 wt.%), Y (17.6e19.8 ppm) and low-SiO 2 (54.74e56.42 wt.%) contents (Table 3) . These rocks show 0.55e0.64 wt.% TiO 2 , Fig. 5A and B) . The non-adakitic basaltic rocks representing the final stage of the Cenozoic magmatism in the study area are slightly different from the other non-adakitic lithologies with their relatively high-Al 2 O 3 (19.63e20.64 wt.%) and low Rb (4.5e5.6 ppm) contents (Table 4 ). The studied non-adakitic rocks plot in the subalkaline basalt, basaltic andesite and andesite fields on a total alkali-silica diagram (Fig. 6A ). On K 2 O versus SiO 2 and Th versus Co geochemical classification diagrams, they fall in calc-alkaline field, except for a few samples ( Fig. 6B and C) .
Results and discussion

Timing of adakitic and non-adakitic magmatism
In the study area, the biotite-rich adakitic andesites (Kizil Tepe andesite) show intrusive contact with the early-mid-Jurassic Zimonköy Formation, the late Jurassiceearly Cretaceous Berdiga Formation and the late Cretaceous Kermutdere Formation (Figs. 3  and 4A ). The hornblende-rich adakitic andesites (Karakise Tepe andesite) cut the late Cretaceous sediments and is overlain by a massive-middle bedded, yellowish brown colored, nummulitebearing limestone around the Karakise Hill (Figs. 3 and 4C) . Similarly, the Kırcaova dacite has a sharp intrusive contact with the monogenic conglomerates consisting of the basement of the late Cretaceous Kermutdere Formation in the south of Kale village (Fig. 3) . The hyaloclastic breccia, covers the nummulite-bearing limestones representing the basement of the early Cenozoic Alibaba Formation, exposed immediately north of the Kale village (Figs. 3 and 4F ). These field observations and stratigraphic relations indicate a PaleoceneeEocene age for the adakitic activity in the study area. The adakitic magmatism was followed by the nonadakitic basaltic-andesitic magmatism which is widely distributed at the northern part of the GumushaneeBayburte _ Ispir line in the eastern Pontides orogenic belt. Kaygusuz et al. (2011) suggested that the early Cenozoic non-adakitic basaltic-andesitic magmatism occurred between 44 (AE2.59) and 33.45 (AE2.32) Ma, based on K-Ar ages obtained from hornblende within andesitic rocks exposed in Torul (Gumushane) area. However, these basaltic-andesitic lithologies are cut by the non-adakitic Lutetian (48e40 Ma) granitic rocks in the Gumushane (Karsli et al., 2007) and BayburteAydıntepe (Eyuboglu et al., 2011a) areas. Therefore, the age span given by Kaygusuz et al. (2011) for the early Cenozoic non-adakitic basalticandesitic magmatism in the Gumushane area is contradictory.
In order to determine the precise timing of the early Cenozoic magmatism in the study area, zircons from two andesite samples representing adakitic (AR-1) and non-adakitic magmatism (HT-100) were dated by LA-ICP-MS method at the National Taiwan University. The analytical procedures for LA-ICP-MS technique were same as those described in Chiu et al. (2009) and Eyuboglu et al. (2011f) .
The majority of zircons extracted from the biotite-rich adakitic andesite (sample AR-1) display euhedral crystal morphology with (Fig. 7A ). In addition, in a recent study (Aslan, 2010) , U-Pb zircon age of 46 Ma was reported from the adakitic tuffs exposed at about 30 km west of the study area. Both zircon ages are concordant with our field observations and indicate that the adakitic activity prevailed between 49 and 46 Ma in the Gumushane area.
The euhedral zircon grains extracted from a non-adakitic andesite from the upper part of the Alibaba Formation exhibit oscillatory zoning typical of zircons that crystallized from a magma. In addition, they have high Th/U ratios between 0.60 and 1.08 (Table 5) , supporting a magmatic origin during their evolution (Rubatto, 2002) . Sixteen zircons from the non-adakitic andesite gave ages of 41e47 Ma, with a weighted mean age of 44.68 AE 0.84 Ma (Fig. 7B ). This age is consistent with our field observations and confirms that there is no significant time gap in the magmatic activity during the transition from adakitic to non-adakitic basalticandesitic magmatism in the Gumushane area.
Petrogenesis
The origin of the adakitic magmatism
In the Aleutian chain of Alaska, Kay (1978) recognized a distinctive rock type, a magnesian andesite, different from the normal arc magmas and suggested that the rock was generated by partial melting of the garnet-and clinopyroxene-rich, basaltic portion of the subducted Pacific oceanic crust. This geochemically distinctive group of andesite and dacites, characterized by high-SiO 2 (>56 wt.%), Al 2 O 3 (>15 wt.%), Na 2 O (>3.5 wt.%), Sr/Y (>40) and La/ Yb (>20), and low HFSE (high field strength elements), was originally termed as 'adakite' and interpreted as a product of partial melting of hot, young (<25 Ma) subducted oceanic crust by Defant and Drummond (1990) . Subsequent investigations led to several discussions and debates on the origin of adakitic rocks. Atherton and Petford (1993) proposed an alternative model where adakites were considered to be products of partial melting of newly underplated basaltic crust. According to Sajona et al. (1993) , melting of a MORB (mid oceanic ridge basalt) component of the subducting slab followed by garnet fractionation is responsible for their unusual trace element concentrations. Feeley and Hacker (1995) suggested that contamination of mantle-derived basaltic magmas in garnetbearing mafic continental crust is an alternative mechanism to slab-melting to produce the early Archean TTG (tonalite-trondhjemite-granodiorite) suites and younger rocks with similar compositions. Shimoda et al. (1998) emphasized that the Setouchi high-Mg andesites with adakitic signatures include components which suggest derivation from partial melting of sediments on the subducted plate. According to Castillo et al. (1999) , the Mindanao adakites are not pure basaltic crust melts and are products of an assimilation and fractional crystallization (AFC) process with negligible connection to melting of subducted basaltic crust. By 2000s, the petrology, classification and geotectonic setting of adakitic rocks have received considerable attention. Whereas some authors suggested that the adakitic rocks were generated by delamination or partial melting of thickened continental crust after collisional orogeny (e.g., Xu et al., 2002; Chung et al., 2003; Gao et al., 2004; Guo et al., 2006; Wang et al., 2005 Wang et al., , 2006a , others proposed a slab window formation related to ridge subduction (e.g., Kinoshita, 2002; Thorkelson and Breitsprecher, 2005; Rodriguez et al., 2007; Santosh et al., 2009; Santosh and Kusky, 2010; Zhang et al., 2010; Eyuboglu et al., 2011a,b,c,d) . Martin et al. (2005) divided adakites into two subgroups as high silica adakites related to slab melts and low silica adakites representing products of metasomatized mantle. Adakites have been documented from about half of the active volcanic arcs (Martin, 1998) and occur in various hot subduction settings, including active ridge subduction (Lagabrielle et al., 2000) , subduction of very young (<5 Ma) oceanic crust (Sajona et al., 1993; Peacock et al., 1994) , and flat slab subduction (Gutscher et al., 2000) . These different hypotheses on the petrogenesis and geodynamic setting of the adakitic rocks indicate that their chemistry is not a robust criteria in interpreting of their origin and geodynamic setting.
The primitive mantle-normalized trace element abundance patterns of the adakitic rocks investigated in this study display strong enrichment in large ion lithophile elements (LILE) relative to high field strength elements (HFSE) and negative Nb, Ta, P, Zr, Ti anomalies (Fig. 8A) , suggesting a similar origin to those of subduction-related arc magmatics. The chondrite-normalized rare earth element patterns for the Kale adakitic rocks exhibit a steep decrease from light rare earth elements (LREE) to heavy rare earth elements (HREE), and typically lack Eu anomalies (Fig. 8B) . In the studied adakitic rocks, the low Y and HREE is caused either by melting in the presence of garnet, or fractionation of garnet (¼high-pressure process), whereas the process of enrichment of Sr and similar elements is likely to result through the introduction of an enriched fluid phase (silicate melt or hydrous fluid) at any stage in the evolution of the melt (Eyuboglu et al., 2012) . In addition, their low Yb contents (<1.17 ppm) are consistent with subductionrelated rocks produced at mantle depths (Bourdon et al., 2002) . The Seme adakitic rocks from the eastern Pontides orogenic belt, which are exposed ca. 70 km southwest of the study area, reveal remarkable negative trends in nearly all major, trace and rare earth elements with increasing SiO 2 content, suggesting a high-pressure fractional crystallization process for their origin (Eyuboglu et al., 2011c) . On the Harker variation diagrams (Fig. 9 ), trace and rare earth element concentrations of the Kale adakitic rocks do not exhibit negative correlations with increasing SiO 2 as in Seme adakitic rocks, suggesting that a high-pressure fractional crystallization did not play an important role in their petrogenesis (Fig. 9) . However, major element variation diagrams show a negative correlation for FeO t , MgO, CaO and K 2 O, while Na 2 O and Al 2 O 3 display a slightly positive correlation with SiO 2 (Fig. 9) . These positive and negative anomalies might be related to the lowpressure fractional crystallization of the Kale adakitic magmas. The Kale adakitic rocks do not show any conspicious Eu anomaly (Fig. 8B) , which suggest that plagioclase was not a major phase controlling the fractional crystallization and/or accumulation during their evolution. In the magmatic systems, the nature of Eu anomaly has been explained in three ways. The first is that plagioclase does not control the Eu distribution during either partial melting or fractional crystallization; either plagioclase is absent (high-pressure melting or crystallization) or some other phase dominates the Eu budget. The second alternative is elevated oxygen fugacity during the melting or crystallization process, such that Eu 2þ is minimized, Eu 3þ is dominant in the system, and the D Eu is consistent with D Sm and D Tb ; this is partly also linked to plagioclase composition. The Eu anomaly associated with plagioclase gets smaller as the plagioclase composition becomes more Ca-rich. The third possibility is that a specific mineral assemblage (usually a combination of plagioclase and amphibole, or plagioclase, amphibole and apatite) was involved in fractionation or melting, such that the bulk D Eu is similar to bulk D Sm and D Tb , leading to the absence of anomaly. The presence of plagioclase in the studied rocks does not necessarily mean that an Eu anomaly will be present e it simply means that plagioclase crystallized at a time when its Eu content did not modify the bulk rock REE pattern. Eyuboglu et al. (2011f) argued that the Cenozoic adakitic activity in the eastern Pontides orogenic belt occurred in two different cycles during the late Paleoceneeearly Eocene and the late Miocene. The debate on the origin of the late Paleoceneeearly Eocene adakitic rocks still continues. Some authors suggest that they were generated by partial melting and/or delamination of thickened arc crust after the collision between Tauride and Pontide blocks Karslı et al., 2010; Eyuboglu et al., 2011a,b,c,d,e; Topuz et al., 2011) . However, based on systematic geological, geochemical and geochronological data obtained from the whole region, Eyuboglu et al. (2011a,b,c,d,e) suggest that the generation of the eastern Pontides early Cenozoic adakitic magmas is a result of the ridge subduction-related slab window formation and simultaneously slab roll-back processes in a south-dipping subduction zone. The late Miocene adakitic rocks are exposed in a limited area covering the southeastern part of the eastern Pontides orogenic belt and south of the Lesser Caucasus and their origin is related to the late Miocene partial melting of thickened mafic lower continental crust after the collision between Greater Caucasus and Lesser Caucasus during Oligo-Miocene time (Eyuboglu et al., 2012) . The (Fig. 10A) . Similarly, their low Th/La and Th values are consistent with the subducted oceanic slab-derived and/or slab window-related adakitic rocks, rather than thickened arc crust or subducted continental crust-derived adakitic rocks (Fig. 10B) . The Kale adakitic rocks generally display a wide range of SiO 2 (58e69 wt.%) and Mg # (17e62) and plot in the fields of subducted oceanic slab-derived and/or slab window-related adakitic rocks on a Mg # versus SiO 2 diagram, except for Kırcaova dacite (Fig. 10C) .
However, on a TiO 2 versus SiO 2 diagram (Fig. 10D) , all of the studied adakitic rocks fall into the slab-derived and/or slab window-related adakitic rock field. When considering into both field data and the negative correlation of Mg # and FeO t with increasing SiO 2 (Figs. 9
and 10C), we suggest that the dacitic rocks of Kırcaova represent the final stage of the adakitic activity in the study area and they were formed by low-pressure fractionation of andesitic parental magma. Guo et al. (2006) classified the late Mesozoic Sulu adakitic rocks into two subgroups as low-and high-Al andesites. The low-Al adakitic andesites formed as part of the eclogitic lower continental crust delaminated and the melts from that sinking slab ascended through the lithospheric mantle and reacted with peridotites. Whereas the high-Al adakitic andesite series were generated by melting of the lower portion of eclogititic crust that remained after the delamination event, without any interaction with mantle peridotite. By using a model the identical to the one proposed by Guo et al. (2006) , Karslı et al. (2010) suggested that the eastern Pontides Kale adakitic rocks were generated by delamination of thickened-lower continental crust after the emplacement onto Pontide block of the Tauride block based on the collision between Pontide and Tauride blocks in the south of the magmatic arc during the Paleocene. However, the geological characteristics of the Sulu belt and the eastern Pontides orogenic belt are very different from each other. Detailed field studies indicate that a belt including mafic-ultramafic massifs are exposed along the entire belt between eastern Pontides and Taurides and there is no any location where the Tauride platform rests on the eastern Pontides magmatic arc (Bektaş et al., 1995 (Bektaş et al., , 1999 Eyuboglu et al., 2011a,b,c,d,e; Fig. 1) . Without exception, all of the adakitic intrusions in the study area occur within the autochthonous units of the eastern Pontides orogenic belt. In addition, our systematic geochronological studies indicated that the adakitic magmatism migrated toward north in time (Eyuboglu et al., 2011a,b,c,d,e) . This northward migration of adakitic activity in the eastern Pontides orogenic belt cannot be explained by the partial melting and/or delamination of thickened arc lower crust. According to Eyuboglu et al. (2011a,b) , the progressively younging of early Cenozoic adakitic activity toward the north indicates that the eastern Pontides early Cenozoic adakitic rocks were generated in a slab window related to ridge subduction (Eyuboglu et al., 2011a,b) . Moreover, the late Paleoceneeearly Eocene adakites are well-exposed in the south of the eastern Pontides orogenic belt. But of oceanic slab-derived and subducting continental crust-derived are after Condie (2005) and Wang et al. (2004) , respectively. The data for slab window-related and thickenedlower crust-derived adakites are after Eyuboglu et al. (2011a) and Eyuboglu et al. (2012) , respectively; (B): The data for marine sediments and upper continental crust are from Plank and Langmuir (1998) and Condie (1993) , respectively. The field of subducted oceanic crust-derived adakites is after Defant et al. (2002) and Martin et al. (2005) ; (C and D): Subducted oceanic crust-derived adakites (Wang et al., 2006a) , delaminated lower crust-derived adakites Gao et al., 2004; Wang et al., 2004 Wang et al., , 2006a , pure slab melts (Stern and Kilian, 1996) , metabasaltic and eclogite experimental melts (Rapp et al., 1999 , thick lower crust-derived adakites (Atherton and Petford, 1993; Muir et al., 1995; Petford and Atherton, 1996; Johnson et al., 1997) .
they don't appear in the western Pontides and Caucasus. This limited distribution of early Cenozoic adakitic rocks along the PontideseCaucasus belt also supports a slab window model for their origin (Eyuboglu et al., 2011a,b,c,d,e) .
The origin of the non-adakitic magmatism
The active continental margins are the most important sites of magma generation in the ancient and modern plate convergence systems. In these areas, the various magmatic processes such as crystal fractionation, assimilation of crustal material by basaltic magma and magma mixing play a very important role in the petrogenetic evolution of adakitic and/or non-adakitic calc-alkaline magmas (e.g., Gao et al., 2012; Guan et al., 2012; Qi et al., 2012) .
In the study area, non-adakitic igneous suite is represented by the calc-alkaline basaltic-andesitic volcanic rocks and their pyroclastic equivalents. The primitive mantle-normalized trace element distribution patterns of the studied non-adakitic rocks exhibit enrichment in large ion lithophile (LIL) elements relative to high field strength (HFS) elements and also negative Nb, Ta, Zr and Ti anomalies, suggesting a subduction-related origin in their petrogenesis (Fig. 8C) . Chondrite-normalized rare earth element patterns for the studied rocks show light rare earth (LRE) element enrichment with respect to heavy rare earth (HRE) elements, with no significant Eu anomalies (Fig. 8D ). When compared with the Kale adakitic rocks, their low (La/Yb) N values ranging from 2.4 to 6.3 are consistent with the separation from garnet-poor residues at shallower depth. The lacking of any conspicious positive or negative Eu anomaly indicates that neither plagioclase fractionation nor melting to leave plagioclase-bearing residues were important in generation of non-adakitic basaltic-andesitic magmas in the Kale area. The strong negative P anomaly reflects apatite fractionation (Fig. 8C) . On the Harker variation diagrams (Fig. 9) , Na 2 O, K 2 O, Zr and LRE elements (La, Ce, Nd, Eu) are positively correlated with SiO 2 whereas MgO, CaO and Ni are negatively correlated, suggesting that fractional crystallization was a key process in petrogenetic evolution of the Kale non-adakitic magmas. During the fractional crystallization of a basaltic magma, early-formed minerals such as olivine and clinopyroxene do not contain H 2 O, hence the remaining magma becomes richer in H 2 O content. In the study area, the pyroclastic sequence of the Eocene Alibaba Formation starts with the hornblende-poor basaltic-andesitic agglomerates and grades upward hornblende-rich andesitic agglomerates and volcanic breccias. This systematically increasing of hornblende content in the rocks from bottom to top within the sequence also strongly supports that the fractional crystallization was an important process during the petrogenetic evolution of the Kale non-adakitic magmas. In addition, the hornblende-rich porphyritic andesites (Pirahmet andesite), have very similar petrographic characteristics and trace-rare earth element distribution patterns to those of hornblende-rich lithologies consisting of the upper part of the nonadakitic pyroclastic sequence (Fig. 8C, D) , suggesting that they were possibly derived from same magma source. It is clear that the eastern Pontides orogenic belt is a continental arc and its crustal thickness was at least 20e25 km in the early Eocene (Bektaş et al., 1995 (Bektaş et al., , 1999 Eyuboglu et al., 2006 Eyuboglu et al., , 2007 Eyuboglu et al., , 2011a . Therefore, the Kale non-adakitic magmas may have been affected by the crustal assimilation/contamination during their passage through the eastern Pontides arc crust to reach the surface. On the primitive mantle-normalized trace element distribution diagram, the existence of pronounced negative Nb-Ta anomalies and high abundance of Pb in the studied rocks indicate a subduction signature and a small amount of upper-crustal assimilation for the origin of the Kale non-adakitic magmas. However, the best evidence of assimilation/contamination comes from studies of radiogenic isotopes. According to Kaygusuz et al. (2011) the isotopic compositions of Eocene calc-alkaline Torul volcanics, which are exposed at the 35 km northwest of the study area, are consistent with the subduction-induced sources and fractional crystallization rather than crustal assimilation. Similarly, Temizel and Arslan (2008) suggested that the eastern Pontides Tertiary volcanic rocks were modified by mainly fractional crystallization and minor assimilation processes. As a result, in comparison with fractional crystallization, crustal assimilation seems to have been a less important factor in genesis of early Eocene Kale non-adakitic magmas.
5.3. The nature of the transition from adakitic to non-adakitic magmatism
Geological and geochronological implications
In the study area, the adakitic lithologies can be divided into two main groups as porphyries and hyaloclastites. The adakitic porphyries exposed along an approximately NWeSE-trending zone in the study area occur as small, rounded or elipsoidal intrusions within the autochthonous units of the eastern Pontides orogenic belt (Figs. 3 and 11A ). They can be grouped into three subgroups as biotite-rich andesites (Kizil Tepe andesite), hornblende-rich andesite (Karakise Tepe andesite) and dacite (Kırcaova dacite) based on their petrographical characteristics. The zircon U-Pb dating on biotite-rich adakitic andesite indicates an age of 48.71 AE 0.74 Ma (late Ypresianeearly Lutetian on the timescale of Gradstein et al. (2004) ). The andesitic hyaloclastites represent the final stage of the adakitic activity in the Kale area. The adakitic magmatism was followed by an intense non-adakitic basalticandesitic magmatism in the study area. Immediately east of the Kale village is one of the best locations to view the transition from adakitic to non-adakitic magmatism in the southern part of the eastern Pontides orogenic belt (Figs. 3, 4D and 11) . In this location, the late Cretaceous sediments are covered by a debris flow level including biotite-rich adakitic andesite fragments (Fig. 11B) . The flow layer is ca. 14 m thick and exhibits a bedded structure. The fragments range from a few mm to 80 cm in size and are cemented by a nummulite-bearing sedimentary material, indicating that they accumulated in a shallow water environment. This level grades upward thick-bedded, gray-beige colored, nummulite and locally biotite-rich adakitic andesite fragments-bearing sandy limestone with about 2 m thickness (Fig. 11C ). In addition, the existence of neptunian dikes (sedimentary dikes) filled by nummulite-bearing sandy limestone in the study area indicates an evidence for extensional tectonic regime during the Lutetian in the region (Eyuboglu, unpublished data) . The nummulite-bearing limestone level is overlain by the andesitic hyaloclastite breccia representing the final stage of the adakitic activity in the Kale area (Fig. 11D) . The thickness is about 24 m and features like sorting, preferential clast alignment or conspicious bedding are absent. This monomict breccia display jigsaw-fit texture typical of in situ hyaloclastite (Fig. 11D) . A fine-grained, dark red colored, sedimentary and fossiliferous matrix fills spaces between the hornblende-rich andesite clasts ranging from a few mm to 50 mm in size. These field observations indicate that the eruption/intrusion of adakitic andesitic magma into soft carbonate mud on a carbonate shelf generated this unit in the early Lutetian. The adakitic hyaloclastite breccia is locally covered by thick-medium bedded, yellowish gray and beige colored and nummulite-bearing sandy limestone, sandstone, marl and minor tuffite alternation (Fig. 11E) . After the accumulation of this unit, an intense non-adakitic basaltic-andesitic magmatism started to erupt and as a result of this process, a thick pyroclastic sequence consisting mainly of calc-alkaline agglomerates and volcanic breccias were accumulated in the Kale area (Fig. 11F) . Zircon U-Pb dating on hornblende-rich andesite taken from upper part of this pyroclastic sequence indicates an age of 44.68 AE 0.84 Ma (Lutetian). Arslan and Aliyazıcıo glu (2001) suggested that the volcanic activity in the Kale area started in the Paleocene and continued to the Eocene based on some fossil records obtained from the biotite-rich adakitic andesite fragmentsbearing debris flow level (Fig. 11B) . However, this study clearly indicates that the Cenozoic magmatism in the Kale area began with adakitic character in the late Ypresianeearly Lutetian, not Paleocene and continued with non-adakitic character (Fig. 11) .
Geodynamic and petrogenetic implications
The eastern Pontides orogenic belt is one of the best examples of long-term active continental margins in the world, where Tethys oceanic lithosphere is subducted beneath the Pontide continental lithosphere (e.g., Dewey et al., 1973; Bektaş et al., 1999; Eyuboglu et al., 2007 Eyuboglu et al., , 2010 Eyuboglu et al., , 2011a Eyuboglu et al., , 2012 . According to Defant and Drummond (1990) the adakitic rocks in modern arc settings are produced by partial melting of a young (<25 Ma) and hot, subducting oceanic slab. In the following years, the studies on the thermal structure of subduction zones reveal that the adakitic melt generation is required to melting of very young oceanic crust (<5 Ma) and depths of about 25e90 km (Peacock et al.,1994; Peacock,1996; Lopez and Castro, 2001 ). In this model, the melts generated at depths shallower 25 km produced non-adakitic granodioritic to tonalitic lithologies due to absence of the garnet in the restite. However, adakitic magmas reported from some settings such as slab window related to ridge subduction do not always confirm the thermal requirements associated subduction of very young oceanic crust (Thorkelson, 1996; Kinoshita, 2002; Thorkelson and Breitsprecher, 2005; Rodriguez et al., 2007; Zhang et al., 2010) . Thorkelson and Breitsprecher (2005) suggested that the non-adakitic melts of granodioritic to tonalitic composition can form along the plate edges at depths of 5e65 km, whereas adakitic melts form proximal to the plate edges at depths of 25e90 km in a slab window setting. In the active continental margins, the slab window formation and inflow of hot asthenosphere beneath subducted slab into mantle wedge triggers regional changes to mantle flow patterns, behavior of subducting plates, and characteristics of overlying lithosphere (Thorkelson, 1996) . In these regions, the slab window-related magmatism can be generated by various processes such as heating of mantle wedge, mixing between sub-slab and supra-slab mantle reservoirs, partial melting of the subducted plate edges and extension in the overriding plate (Thorkelson,1996) . Our recent geological, geochemical and geochronological studies on the late MesozoiceCenozoic magmatism in the whole region indicates that a slab window formation related to ridge subduction and simultaneously slab roll-back processes started beneath the eastern Pontides magmatic arc in the late Paleocene and continued until the collision between Lesser Caucasus and greater Caucasus in the OligoMiocene (Eyuboglu et al., 2011a (Eyuboglu et al., ,b,c,d,e, 2012 . The early Cenozoic adakitic activity started in the late Paleocene (w56 Ma) around Kop MountaineErzincan line in the far south of the eastern Pontides orogenic belt, migrated toward north in time, and ended in the early Eocene, at w46 Ma, immediately north of the ToruleBayburteIspir line (Eyuboglu et al., 2011a,b,c,d,e) . To the north of this line, adakitic activity culminated the non-adakitic magmatism and continued to migrate toward trench (Fig. 12) , supporting a slab window model as suggested by Thorkelson and Breitsprecher (2005) .
The study area is located on the transition zone from adakitic magmatism to normal arc magmatism in the southern part of the eastern Pontides orogenic belt. In this area, the early Cenozoic magmatism is represented by two main cycles: adakitic (late Ypresianeearly Lutetian) and non-adakitic magmatism (Lutetian). Our field observations and geochronological data indicate that there is no significant time gap during the transition from the adakitic to non-adakitic magmatism. The geochemical data indicate that both rock groups are LREE-enriched, with (La/Yb) N > 2. When compared with the non-adakitic rocks, the adakitic rocks have higher values of the range of (La/Yb) N because of their low Yb contents and exhibit steeper REE patterns (Fig. 8B) . The high (La/Yb) N corresponds to deeper melting leaving garnet-rich residues, while low (La/Yb) N magmas were separated from garnet-poor residues at shallower depth (Fig. 8AeD) . All of the studied rocks are consistent with patterns expected for calc-alkaline rocks. The relative enrichment of Pb and Sr, at least, in both rock series, compared with primitive mantle, along with the relative depletion of Nb, Ta, and Ti, at least, shows that the magma source(s) were affected by subductionrelated geochemical processes at some point in their history. Neither rock group shows pronounced Eu anomalies, nor are there other irregularities in the REE spectrum ( Fig. 8B and D) , indicating that there is a minimum role for plagioclase in controlling melting or fractionation, or the proportions of plagioclase to hornblende during fractionation are such that they cancel the Eu anomaly that normally would be related to plagioclase fractionation, or the patterns reflect mixing between magmas that have little Eu anomalies. In the studied rocks, the significant range of SiO 2 contents imply a dominant role either for fractional crystallization or for mixing between low-SiO 2 and high-SiO 2 magmas. There is overlap between the two groups in the overall abundance of rare earth elements, except for the HREE (HoeLu), where the highest concentrations in the adakites are still below the lowest concentrations in the non-adakites (Fig. 8B and D) . There are two possibilities to explain this difference between both rock groups. The patterns could result from the same source by changing the degree of melting (higher degree of melting for the non-adakitic rocks), and changing the pressure at which melting is occurring (shallower for the non-adakitic rocks). The change of pressure might reflect extension and thinning of the overlying crust, and upwelling of the source region. But the change in HREE content could also be due a simple increase in the degree of melting at constant pressure until all garnet is effectively gone from the source. Thus, the low Y and low HREE signature that are characteristic of adakites disappear because garnet is no longer stable in the residue after melting. The second possibility is that the source of these two series of rocks is significantly different. The difference reflects, at the minimum, the stability of garnet in the source during the melting process; there may be other significant geochemical or mineralogical differences as well. Adakitic rocks have garnet AE clinopyroxene AE amphibole stable in the residue after melting, whereas the non-adakitic rocks formed in a source that did not contain significant garnet. This garnet-free source is at a shallower level in the mantle/crust. The progression from adakite to non-adakite reflects the advection of a thermal anomaly upward through the mantle/crust during the slab window formation, progressively causing melting at shallower levels. The suggestion that the non-adakitic rocks reflect higher degrees of melting implies that the shallower magma source is more "fertile", in terms of being able to produce melt, than the deeper, adakitic, source.
Conclusions
In the Kale area, the early Cenozoic magmatism is represented by two main cycles: adakitic and non-adakitic magmatism. The adakitic lithologies can be divided into two main groups as porphyries and hyaloclastites. The adakitic porphyries occur as small, rounded or elipsoidal intrusions within the autochthonous units of the eastern Pontides orogenic belt. They can be grouped into three subgroups as biotite-rich andesite (Kizil Tepe andesite), hornblende-rich andesite (Karakise Tepe andesite) and dacite (Kırcaova dacite) based on their petrographic characteristics. The hayaloclastites represent the final stage of adakitic activity in the study area and they were generated by eruption/intrusion of adakitic andesitic magma into soft carbonate mud. The non-adakitic lithologies include hornblende-rich porphyritic andesites (Pirahmet andesite) and a thick pyroclastic sequence consisting mainly of basaltic-andesitic agglomerates and volcanic breccias. All lithologies are cut by basaltic dikes of unknown age. Zircon U-Pb dating yielded ages of 48.71 AE 0.74 Ma (late Ypresianeearly Lutetian) for the adakitic rocks, and 44.68 AE 0.84 Ma (Lutetian) for the non-adakitic magmatism, suggesting that there is no significant time gap during the transition from adakitic to non-adakitic magmatism. Both rock groups display enrichment in LIL and LRE elements relative to HFS and HRE elements, respectively, and also negative Nb, Ta and Ti anomalies, suggesting that magma(s) sources were affected by subduction-related geochemical processes at some point in their history. All the geological, geochemical and geochronological data indicate that the early Cenozoic Kale adakitic and non-adakitic magmas were generated by slab window processes related to ridge subduction in a south-dipping subduction zone, and not post-collisional setting. The data also suggest that the magma underwent fractional crystallization, mixing and contamination during their passage through the mantle and continental crust.
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